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INTRODUCTION 

Although  oxygen  is  supportive  of  the  vast  majority  of  life 
forms,  every  organism  functions  optimally  within  only  a  certain 
range  of  oxygen  pressure.  Metabolic  processes  are  inhibited  for 
most  organisms  when  oxygen  is  not  present  in  sufficient  quantity 
to  be  effective  as  the  terminal  receptor  for  electron  transport. 
Above  the  optimal  range,  oxygen  becomes  toxic.  The  oxygen 
toxicity  limit  varies  from  organism  to  organism. 

Organisms  classically  considered  anaerobes  may  be  inhibited 
by  minute  amounts  of  oxygen.  This  phenomenon  has  permitted 
oxygen  under  pressure  to  be  used  effectively  in  treating  gas 
gangrene  caused  by  Clostridium  spp. ,  especially  Clostridium 
perfringens  (2) .  Organisms  classically  considered  aerobes  are 
also  inhibited  by  oxygen  above  certain  levels  which  vary  from 
organism  to  organism.  Some  organisms  have  been  shown  to  be  very 
tolerant  of  high  levels  of  oxygen,  and  others  shown  to  be 
inhibited  by  levels  slightly  greater  than  that  present  in  air 
at  sea  level  (4,  5,  8,  9,  10,  11,  12,  13,  14,  15,  and  16). 

Some  research  has  been  done  on  the  effects  of  hyperbaric 
oxygen  on  various  dermatophyte  species.  Karsner  and  Saphir  in 
1926  (10)  and  Williams  in  1938  (16)  subjected  species  of 
Trichophyton,  Microsporum  (reported  by  both  as  Hicrosporon) , 
and  Epidermophyton  to  levels  of  oxygen  between  1%  and  99.5%, 
presumably  at  sea  level  pressures.  Far  from  being  supportive  of 


one  another,  these  reports  contradict  in  a  number  of  critical 


areas.  Karsner  and  Saphir  state  that  oxygen  concentrations 
of  76%  or  greater  inhibited  most  molds  in  their  study,  especially 
the  pathogens  (a  label  for  which  dermatophytes  would  certainly 
qualify).  Williams  reports  no  inhibition  even  at  99%  for  some 
of  the  same  organisms  used  by  Karsner  and  Saphir.  Sabouraud's 
medium  was  used  in  both  studies. 

A  second  problem  area  (perhaps  for  both  papers)  is  the  in¬ 
ability  to  verify  which  dermatophyte  organisms  were  really  used. 
Dermatophyte  taxonomy  and  nomenclature  have  been  the  subjects 
of  active  debate.  Several  good  reviews  of  dermatophyte  taxonomy 
and  accompanying  problems  do  exist  and  prospective  dermatophyte 
researchers  ought  to  be  acquainted  with  them.  Papers  by 
Ajello  (1),  Emmons  (6),  and  Georg  (7)  are  particularly  valuable. 

Georg,  with  amply  documented  justification,  brings  Trichophy¬ 
ton  craterif orme.  Trichophyton  fumatum,  and  Trichophyton 
sulfureum  into  synonymy  with  Trichophyton  tonsurans  (7) .  She 
also  brings  Trichophyton  gypseum  and  Trichophyton  granulosum  into 
synonymy  with  Trichophyton  mentagrophy tes .  Karsner  and  Saphir,  and 
Williams,  treated  the  synonymous  organisms  as  separate  organisms  and 
reported  different  results  for  their  growth  in  hyperbaric  oxygen. 

The  purpose  of  the  present  study  was  to  determine  growth  rates 
and  observe  macroscopic  and  microscopic  appearance  of  four  derma¬ 
tophyte  species  when  subjected  to  various  hyperbaric  oxygen  levels. 

MATERIALS  AND  METHODS 

Four  dermatophytes  were  chosen  on  the  basis  of  their  being 
isolated  frequently  from  soil  and  animal  hosts  and  their  being  least 
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ambiguous  taxonomically .  Organisms  selected  were  Trichophyton 
tonsurans  Malmsten,  Trichophyton  mentagrophy tes  (Robin)  Blanchard, 
Microsporum  gypseum  (Bodin)  G uiart  &  G rigoraki,  and  Microsporum 
canis  Bodin.  Isolates  were  obtained  from  the  Armed  Forces 
Institute  of  Pathology  and  the  New  York  State  College  of  Veterinary 
Medicine  at  Cornell  University. 

Five  experiments  (excluding  repetitions  to  insure  repeatability) 
were  undertaken  to  determine  the  effects  of  hyperbaric  oxygen  on 
these  dermatophytes.  Following  a  separate  study  to  determine  media 
for  most  observable  and  repeatable  growth  characteristics  (3) , 
all  organisms  were  maintained  on  Sabouraud's  dextrose  agar  in  tissue 
culture  flasks.  Sabouraud's  dextrose  agar  was  also  used  for  all 
single-spore  preparation  and  growing  of  fungi  exposed  to  hyperbaric 
oxygen.  All  exposures  of  organisms  to  hyperbaric  oxygen  were  carried 
out  in  a  table  top  (31  liter  capacity)  hyperbaric  chamber  made  avail¬ 
able  for  the  project  by  the  Armed  Forces  Institute  of  Pathology. 

In  all  experiments,  organisms  were  compressed  to  the  desired 
pressure  in  less  than  30  seconds.  Following  compression,  the 
chamber  was  flushed  rapidly  with  five  chamber  volumes  of  100%  oxygen 
to  insure  a  pure  oxygen  environment.  Each  time  the  chamber  was 
decompressed  for  the  removal  of  cultures,  this  same  compression/ 
flushing  operation  was  performed  upon  continuation  of  the  experiment. 
During  compression  periods,  a  5  liter/hour  flow  was  maintained 
through  the  system. 

Organisms  to  be  exposed  to  oxygen,  along  with  controls,  were 
propagated  from  single  spores  poured  in  water  suspensions  on  Petri 
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plates  containing  Sabouraud's  dextrose  agar.  Suspensions  were  poured 
24  hours  before  plugs  containing  germinating  single  spores  were  cut 
out  and  transferred  to  Sabournaud's  dextrose  agar  plates  to  be  used 
for  the  exposures.  In  all  experiments,  each  plate  contained  four 
single  spores  of  a  given  organism  placed  on  the  medium,  one  in  the 
center  of  each  quadrant.  No  inhibitors  of  any  kind  were  used  in 
order  to  reduce  variables.  The  pH  of  the  medium  was  5.6.  The  room 
in  which  the  experiments  were  performed  was  held  at  25°  (+1°)C. 
Cultures  were  exposed  to  room  fluorescent  lighting  for  the  duration 
of  all  experiments.  The  hyperbaric  chamber,  constructed  of  trans¬ 
parent  plexiglas,  allowed  exposure  of  organisms  to  room  light. 

In  the  first  experiment,  single-spored  cultures  of  all  organisms 
were  placed  in  the  hyperbaric  chamber  and  exposed  to  a  steady,  3-ATA 
(3  atmospheres  absolute)  level  of  oxygen.  Controls  were  allowed  to 
grow  in  air  under  room  pressure.  Air  pressurized  controls  (3  ATA) 
were  run  at  a  separate  time  but  under  otherwise  identical  conditions 
to  insure  that  effects  were  caused  by  oxygen  rather  than  by  pressure 
alone.  Four  1-ATA  air  control  plates  (total  of  16  colonies)  and 
four  3-ATA  air  control  plates  (16  colonies)  were  run  for  each  experi¬ 
ment  . 

Organisms  were  removed  from  the  chamber  at  intervals  of  24, 

48,  72,  96,  120,  144,  168,  192,  216,  240,  and  264  hours.  At  each 
interval  four  plates  (16  colonies)  were  removed  and  surveyed  for 
macroscopic  and  microscopic  growth  features.  Colony  diameters  were 
measured  as  an  index  of  linear  growth.  All  plates  were  retained 
for  three  weeks  from  initiation  of  the  experiment  and  measurements 


made  of  colonies  of  each  plate  at  the  same  time  each  day.  Micro¬ 
scopic  mounts  were  made  to  correlate  microscopic  development  with 
macroscopic  features. 

In  removing  plates  for  examination,  the  chamber  was  depressur¬ 
ized,  appropriate  plates  removed,  and  the  chamber  repressurized 
and  flushed.  Plates  not  to  be  removed  were  left  undisturbed  as 
much  as  possible,  except  that  where  growth  was  evident  in  the  chamber, 
plates  were  removed  quickly  for  measurement  and  then  replaced. 

The  entire  depressurization-repressurization-flush  procedure  took 
no  more  than  five  minutes. 

In  a  second  experiment,  dermatophyte  cultures  were  exposed  to 
hyperbaric  oxygen  according  to  exposure  tables  used  for  treating 
Clostridial  gas  gangrene  (2).  Petri  plates  containing  24-hour 
single-spored  cultures  of  each  organism  were  prepared  in  the  same 
manner  as  for  the  previous  experiment.  Eight  plates  (32  potential 
colonies)  were  prepared  for  chamber  exposure  for  each  fungus. 

Four  1-ATA  and  four  3-ATA  air  controls  were  also  made  up  in  a 
similar  fashion  for  each. 

The  experiment  plates  were  exposed  to  3-ATA  oxygen  for  three 
90-minute  periods  during  the  first  24  hours,  treatments  beginning 
approximately  8  hours  apart.  In  each  of  two  succeeding  24-hour  periods, 
cultures  were  exposed  to  the  same  3-ATA  level  for  two  90-minute 
periods,  treatments  beginning  approximately  12  hours  apart.  Cultures 
were  thus  exposed  to  seven  90-minute  periods  of  oxygen  at  3  ATA  over 
a  span  of  three  days.  Fungi  were  checked  for  growth  throughout  the 
experiment  and  measurements  made  where  appropriate.  Microscopic 
features  were  observed  regularly.  Again,  3-ATA  air  controls  were  run 
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using  identical  methods  but  at  another  time  due  to  having  only 
one  hyperbaric  chamber. 

Results  from  these  first  two  experiments  suggested  that  some 
effect  might  be  realized  using  the  same  3-ATA  level  but  at  longer 
intervals.  Two  additional  experiments  were  thus  performed.  In 
the  first,  organisms  were  exposed  to  the  90-minute,  3-ATA  level 
at  18-hour  intervals.  In  the  second,  organisms  were  exposed  at 
12-hour  intervals. 

In  a  final  experiment,  the  dermatophytes  were  exposed  to  1-ATA 
oxygen  to  determine  the  effects  of  this  steady  exposure  to  a  lower 
pressure.  Plates  were  prepared  in  the  same  manner  as  for  the  3-ATA 
experiment.  Organisms  were  observed  frequently  over  a  7-day  period. 

Colonies  were  measured  every  25  hours. 

RESULTS 

Growth  curves  for  all  organisms  in  the  3-ATA  experiment  are 
shown  in  Figures  5  through  8.  Growth  curves  for  the  "treatment 
table"  exposures  are  shown  in  Figures  9  through  12.  Microscopic 
features  of  Trichophyton  tonsurans ,  Trichophyton  mentagrophy tes , 

Microsporum  gypseum,  and  Microsporum  canis  are  illustrated  in 
Figures  1,  2,  3,  and  A,  respectively.  Time  intervals  expressed  in 
Figures  1  through  4  are  for  controls  only  because  comparison  is 
made  directly  in  the  text  of  how  exposed  organisms  match  the  controls 
at  given  times.  In  all  graphs,  "controls"  are  marked  "c";  "e" 
refers  to  "exposed"  plates.  The  number  following  "e"  indicates 
the  hour  interval  at  which  that  set  of  plates  was  removed  from  the 
chamber. 

Data  from  these  experiments  confirm  the  general  results  of 
the  Williams  work  (16) ,  and  contradict  the  Karsner  and  Saphir  (10) 
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results.  All  fungi  were  inhibited  at  3  ATA  and  no  development  was 
seen  as  long  as  that  pressure  was  maintained.  Following  removal 
from  the  chamber,  all  organisms  except  Trichophyton  tonsurans 
grew  at  a  rate  identical  to  the  controls  following  a  certain  "lag" 
period.  This  "lag"  period  was  also  reported  by  Robb  and  Caldwell 
in  separate  studies  on  the  effects  of  hyperbaric  oxygen  on 
organisms  other  than  ones  considered  in  this  study  (4,  5,  13). 

This  author  proposes  that  the  "lag"  period  be  defined  as  the 
time  it  takes  for  an  exposed  isolate,  following  removal  from  the 
chamber,  to  re  i  a  given  point  on  the  growth  curve,  minus  the 
time  taken  by  the  corresponding  control  to  reach  the  same  point 
(3).  Thus,  for  Microsporum  gypseum  in  the  3-ATA  experiment,  the 
control  reached  a  2  mm  diameter  by  hour  58.  Plates  exposed  for 
48  hours  reached  a  2  mm  diameter  by  hour  115.  Given  the  48-hour 
period  of  no  growth  in  the  chamber  and  subsequent  67  hours  to  pro¬ 
duce  a  2  mm  colony,  the  lag  time  would  equal  9  hours. 

This  definition  perhaps  has  some  limitations,  but  if  a  low 
growth  curve  point  is  selected,  a  decent  approximation  of  lag  time 
can  be  achieved.  It  is  difficult  without  a  constantly  observed 
slide  mount  to  determine  the  exact  moment  of  resumption  of  growth. 

If  too  high  a  point  (>5  ram)  is  selected  as  a  reference  point, 
the  slope  of  the  growth  curve  would  affect  the  calculation. 

For  both  Microsporum  species  at  3  ATA,  growth  on  the  e24 
plates  was  enhanced  after  this  relatively  short  exposure,  but 
increasing  the  time  in  the  chamber  increased  the  lag  time  greatly, 
up  to  the  range  of  40+  hours.  T.  mentagrophy tes  was  the  most 
sensitive  fungus,  a  lag  time  being  evident  in  even  the  e24  colonies. 
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72-hour  plates  showed  a  lag  period  of  almost  40  hours.  Significant 
also  is  that  T.  mentagrophy tes  cultures  kept  in  the  chamber  for  96 
or  more  hours  never  resume  growth  following  removal. 

T.  tonsurans  was  inhibited  as  long  as  it  was  kept  under  3-ATA 
oxygen,  but  beginning  growth  was  erratic  following  removal.  In 
some  cases,  initial  growth  seems  to  have  been  enhanced  by  the  oxygen, 
although  overall  slopes  of  T.  tonsurans  growth  curves  approximated 
those  of  controls. 

No  previous  researcher  has  attempted  to  correlate  microscopic 
and  macroscopic  features  of  fungal  development  under  hyperbaric 
oxygen  conditions.  While  some  fungi  would  perhaps  show  effects 
at  the  microscopic  level,  all  of  these  dermatophytes  progressed 
uneventfully  after  oxygen  exposure  was  terminated,  with  the 
exception  of  the  e96  and  el20  cultures  of  T.  mentagrophy tes  which 
did  not  grow  at  all.  Once  growth  began  after  any  given  interval 
there  was  no  detectable  difference  between  exposure  cultures  and 
controls  in  the  development  of  raacroconidia,  microconidia,  or  hyphal 
structures  with  time.  Pigmentation  appeared  unaltered  and  there 
was  no  difference  in  either  size  or  abundance  of  conidia.  Unpublished 
data  from  this  laboratory  show  that  significant  cytological  changes 
occur  in  other  fungi  exposed  to  3-ATA  oxygen.  These  fungi  include 
Mucor  sp.  and  Candida  albicans ■ 

No  previous  worker  has  reported  subjecting  dermatophytes  to 
treatment  table  exposures.  In  the  cases  of  M.  gypseum,  M.  canis , 
and  T.  mentagrophy tes,  treatment  table  exposures  resulted  in  a 
cessation  of  growth.  Trichophyton  tonsurans  showed  retardation 
but  not  complete  inhibition.  Th  tonsurans  was  growing  while  treat¬ 
ments  were  in  progress. 
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Exposing  the  organisms  to  90-minute  periods  of  3-ATA  oxygen 
at  18-hour  and  12-hour  intervals  resulted  in  no  distinguishable 


differences  between  exposed  plates  and  controls.  In  some 
cultures,  exposed  organisms  seemed  to  be  somewhat  retarded 
but  statistical  analysis  showed  these  differences  not  to  be 
significant.  There  were  no  differences  in  microscopic  features 
between  exposed  fungi  and  controls. 

Exposure  to  1-ATA  oxygen  likewise  resulted  in  no  significant 
differences  in  growth  rates.  Microscopic  characteristics  were 
likewise  unchanged.  This  result  is  not  consistent  with  Karsner's 
and  Saphir's  report  of  inhibition  of  pathogens  (including  some  of 
the  same  genera  studied  here)  at  oxygen  concentrations  higher  than 
76%  (at  1  ATA). 

DISCUSSION 

The  major  question  remaining  is  whether  adequate  iji  vitro 
evidence  now  exists  to  suggest  that  hyperbaric  oxygen  might  be 
effective  in  treating  dermatomycoses  caused  by  these  organisms. 

Such  evidence  for  Trichophyton  tonsurans  seems  marginal.  For  the 
other  fungi,  however,  such  basis  appears  confirmed.  The  organisms 
are  at  least  retarded  by  oxygen  levels  easily  tolerated  by 
humans,  and,  in  the  case  of  T.  mentagrophy tes ,  an  apparent  time 
tolerance  limit  for  3-ATA  oxygen  has  bepn  established. 

The  motive  behind  the  90-rainute  exposures  at  18-hour  and 
12-hour  intervals  was  that  these  dermatophytes  might  be  inhibited 
completely  if  re-exposed  within  lag  periods  calculated  on  the  basis 
of  the  3-ATA  oxygen  steady  exposure  tests.  The  lack  of  effect 
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indicates  that  an  exposure  time  of  more  than  90  minutes  might 
be  necessary  to  establish  a  lag  period. 

The  inhibition  seen  in  three  of  four  cases  in  the  "treatment 
table"  exposures  further  encourages  the  idea  that  compression 
therapy  might  be  successful  in  treating  tinea  infections.  The  effect 
of  the  hyperbaric  oxygen  might  be  enhanced  if  systemic  antifungal 
agents  were  administered  between  oxygen  exposures.  Recent  unpublished 
data  from  this  laboratory  indicate  that  Amphotericin  B  and  perhaps 
other  systemic  antifungal  agents  may  be  degraded  by  hyperbaric 
oxygen  (3).  Were  this  to  be  confirmed,  there  would  be  little  use 
in  combining  these  chemotherapeutic  agents  with  hyperbaric  oxygen 
in  hopes  of  getting  an  additive  effect. 

Follow-on  jin  vivo  studies  using  methods  designed  by  Krieg  et  at. 
(11)  would  generate  additional  necessary  information  including 
whether  or  not  oxygen  would  perfuse  highly  keratinized  tissues  to 
a  great  enough  extent  over  a  90-minute  period  to  make  hyperbaric 
oxygen  therapy  practical.  In  fact,  studies  on  diffusion  rates  in 
and  out  of  keratinized  tissues  at  these  pressures  would  be  necessary 
to  establish  a  complete  evidential  basis  for  anticipated  success. 
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Figure  1.  Trichophyton  tonsurans 

Top  Frame  -  Hyphal  growth,  day  3. 

Middle  Frame  -  Hyphae  with  occasional  microconidia,  day  5. 
Lower  Frame  -  Microconidia  and  chlamydospores ,  day  8. 

Time  designations  are  for  controls. 
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Figure  2.  Trichophyton  mentagrophytes 

Top  Frame  -  Appearance  of  hyphae,  day  3. 

Middle  Frame  -  Coiled  hyphae  and  oval  to  pyriform  microconidia 
borne  directly  on  hyphae  or  singly  or  in  groups 
on  short  conidiophores ,  day  8. 


Lower  Frame  -  Chlaraydospores  and  macroconidia ,  day  14. 
Time  designations  are  for  controls. 


Figure  3.  Microsporum  gypseum 

Upper  Frame  -  Hyphae  and  oval,  echinulate  macroconidia,  day  7. 

Lower  Frame  -  Appearance  of  culture  at  day  14  showing  occasional 
clavate  microconidia  borne  singly  on  hyphae. 


Time  designations  are  for  controls. 


Figure  4.  Microsporum  canis 

Upper  Frame  -  Hyphae  and  spindle-shaped,  echinulate  macroconidia , 
day  7 . 

Lower  Frame  -  Appearance  of  M.  canis  at  day  14  showing  occasional 
sherical  to  clavate  microconidia  borne  on  short 
conidiophores  or  directly  on  hyphae. 

Time  designations  are  for  controls. 


20 


Figure  5 


Growth  curves  for  cultures  of  Trichophyton  tonsurans 
exposed  to  3-ATA  oxygen  for  indicated  intervals. 
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Figure  6 


Growth  curves  for  cultures  of  Trichophyton  mentagrophytes 
exposed  to  3-ATA  oxygen  for  indicated  intervals. 
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Figure  7. 


Growth  curves  for  cultures  of  Microsporum  gypseum  exposed 
to  3-ATA  oxygen  for  indicated  intervals. 
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Figure  8 


Growth  curves  for  cultures  of  Microsporum  canis  exposed 
to  3-ATA  oxygen  for  indicated  intervals. 
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Figure  9 
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Growth  curves  for  cultures  of  Trichophyton  tonsurans  subjected 
to  treatment  table"  oxygen  exposures. 
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Figure  10. 


Growth  curves  for  cultures  of  Trichophyton  mentagrophy tes 
subjected  to  "treatment  table"  oxygen  exposures. 
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Figure  11.  Growth  curves  for  cultures  of  Microsporum 
to  "treatment  table"  oxygen  exposures. 


34 


Figure  12.  Growth  curves  for  cultures  of  Microsporum  canls  subjected 
to  "treatment  table"  oxygen  exposures. 
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